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(57) A bush (2a) comprises: an outer member (21a)
including an outer main body and an outer flange (212a);
an inner member (22a) including an inner main body in-
serted into the outer member (21a), a inner flange, and
a through hole (224a); and an elastic member (23a) dis-
posed between the outer member (21a) and the inner
member (22a). The bush (2a) and a bush (2c) are press-
fitted into a top aperture and a bottom aperture of a

bush-attaching hole (11) in a cross-member, respective-
ly. When the bushes (2a, 2c) are press-fitted, there ex-
ists a predetermined clearance between the inner mem-
ber (22a, 22c). For fixing the cross-member to the body
(3), a stud (42) is inserted through the respective
through holes (224a, 224c), and a nut (41) is fitted onto
the stud (42) and screwed until the inner members abut
on each other.
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Description

[0001] The present invention relates to a bush, more
particularly, to a bush and a group of bush for mounting
a suspension cross-member on a vehicle, to a suspen-
sion cross-member fitted with such bushes, to a vehicle
on which such a suspension cross-member is mounted,
to a method for mountiong such a bush and to a method
for mounting such a group of bushes.
[0002] Conventionally, bushes are used to mount a
suspension cross-member to the bottom of a vehicle
body. The structure of such bushes is disclosed in Jap-
anese Patent Publication No. 2001-71944 for example,
which comprises an outer member, an inner member
which is inserted into the outer member and through
which a stud on the body projects downwardly, and a
elastic member disposed between the outer member
and the inner member. In the structure, the bushes have
an axial length sufficient for penetrating the cross-mem-
ber and are press-fitted into respective mounting holes
from one direction. To mount the cross-member to the
body, the cross-member is fitted with the bushes, posi-
tioned in place with respect to the body so that the body
studs are inserted into the inner member, and then se-
cured to the body via nuts fitted onto the studs. The pre-
vious adjustment of a spring constant of the elastic
member of the bush achieves intended ride comfort and
handling stability of the vehicle.
[0003] In a meantime, the application of preload to the
elastic member is well known for satisfying the needs of
the ride comfort and the handling stability. For example,
in the bush structure constituted as described above,
the elastic member has an extended axial length so as
to protrude in the axial direction or in the vertical direc-
tion by a predetermined amount, and the nut is screwed
until the elastic member is compressed between the
body or the cross-member and the nut. Thus, after the
cross-member is mounted on the body, the elastic mem-
ber is provided with the predetermined amount of
preload. According to the structure as above, the elastic
member is interposed between the body and the cross-
member so as to be compressed in the vertical direction,
so that the frequency dependence is reduced to improve
the ride comfort, and the intended spring constant is pro-
duced in the elastic member. That is, the proper axial
preload of the elastic member beneficially provides the
vehicle with the increased ride comfort and handling sta-
bility at once.
[0004] The cross-member is supported on the body
via a plurality of bushes, each of which is press-fitted
into the cross-member and secured to the body. Accord-
ingly, the variation in the amount of preload among the
respective mounting portions or bushes may cause the
degradation in the handling stability and ride comfort. To
avoid the degradation, the accurate amount of preload
should be applied to each bush in the axial direction,
thus measures are required for adjusting the screwing
amount of each nut and for ensuring that the elastic

member adequately deforms at the abutting portion on
the body and the cross-member. Even with the meas-
ures described above, however, the variation in dimen-
sional accuracy inevitably occurs in the cross-member
or the bushes, which adversely affects the accuracy of
the amount of the preload. Though the problem can be
eliminated by precise management of the dimensional
accuracy of parts, it causes the parts cost to rise and
the production efficiency to decrease.
[0005] In addition, as disclosed in Japanese Patent
Publication 2000-145854 for example, the bushes are
typically fitted to attaching holes in suspension parts by
press-fit operation. In the press-fit operation, a jig is
used, which displaces the bush in the fitting direction
while abutting on the bush. However, the jig may deform
the bush in the presence of friction between the bush
and the attaching hole, which also results in the variation
in the amount of preload.
[0006] In view of the problem above, an object of the
present invention is to achieve the excellent handling
stability and ride comfort of the vehicle at once with the
reduced cost.
[0007] This object is solved according to the invention
by a bush according to claim 1, by a group of bushes
according to claim 6, by a suspension cross-member ac-
cording to claim 5 or claim 7, by a vehicle according to
clam 8, by a method for mounting a bush according to
claim 9 and by a method for mounting a group of bushes
according to claim 10. Preferred embodiments of the
present invention are subject of the dependent claims.
[0008] Thus, according to the present invention, the
excellent handling stability and ride comfort is achieved
in a vehicle at once, by the provision of a bush for mount-
ing the cross-member to the bottom of the body which
decreases the amount of the variation in preload for eas-
ily and reliably attaining the intended amount of preload
with the reduced cost.
[0009] According to the present invention, there is
provided a bush which can be press-fitted into a top ap-
erture and a bottom aperture of a bush-attaching hole
penetrating a suspension cross-member and fixed or
fixable to a vehicular body by a stud and a nut for mount-
ing the suspension cross-member to the bottom of the
vehicular body, comprising, an outer member including
an outer main body in substantially cylindrical shape
with an axial length shorter than a half of the axial length
of the attaching hole of the suspension cross-member
and an outer flange extending in the radially outward di-
rection from an axial end (or end portion) of the outer
main body, an inner member including an inner main
body in substantially cylindrical shape with an axial
length longer than a half of the axial length of the attach-
ing hole of the suspension cross-member and with an
external diameter smaller than the internal diameter of
the outer main body, an inner flange extending in the
radially outward direction from an axial end (or end por-
tion) of the inner main body with an external diameter
larger than the internal diameter of the outer main body,
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and a through hole through which the stud can be in-
serted, and the inner member being coaxially inserted
or insertable into the outer member so that the inner
flange and the outer flange are on the same side with
respect to the axial direction, an elastic member dis-
posed or arrangeable between the inner member and
the outer member and adhered to the inner main body,
inner flange, the outer main body, and the outer flange,
wherein the outer member, the inner member and/or the
elastic member are formed such that, when the bushes
are press-fitted into the top aperture and the bottom ap-
erture of the bush-attaching hole until the outer flanges
contact with the suspension cross-member before the
bushes are fixed by the stud and the nut, the elastic
members are substantially free from elastic deformation
and provide a predetermined clearance between the
other axial ends of the inner members, and when the
bushes are fixed to the body by the stud and the nut, the
elastic members are elastically deformed by tightening
the nut fitted onto the stud so that the inner members
are axially displaced with respect to the outer members
to abut on each other.
[0010] Accordingly, for mounting the cross-member
with the fastening means, the bushes are or can be
press-fitted into the top aperture and the bottom aper-
ture of the bush-attaching hole, and the fastening means
is tightened until the ends of the inner members of the
bushes press-fitted abut on each other. Therefore, the
operation as above can easily provide an intended axial
preload corresponding to the predetermined clearance
in the bushes in a reliable manner with little or no vari-
ation in the amount of the preload among the bushes in
respective attaching holes, after the cross-member is
fixed to the body.
[0011] Preferably, the outer member further may in-
clude a jig-abutting portion provided in the outer flange,
on which a jig can abut for press-fitting the bush into an
attaching hole in the suspension cross-member, and a
reinforcing portion formed as a bending portion of the
outer flange, for preventing deformation of the outer
member when the bush is press-fitted with the jig.
[0012] Accordingly, in the press-fit operation, the re-
inforcing portion can prevent deformation of the outer
member due to the friction between the bush and the
bush-attaching hole, which ensures the accurate
amount of preload provided in the bush.
[0013] Further preferably, the jig-abutting portion may
be a substantially planar surface which continues to and
is at substantially right angle with the outer main body
in a cross section including the central axis of the bush.
[0014] Accordingly, in the press-fit operation, the jig
can press the portion close to the outer main body of the
outer flange, so that the deformation of the outer flange
is avoided in combination with the effect of the reinforc-
ing portion.
[0015] Still further preferably, the reinforcing portion
may include a slanted surface which is at an angle larger
than the right angle or at an abtuse angle with the outer

main body, and the inner flange may include a tilt which
confronts or substantially faces the slanted surface sub-
stantially in parallel.
[0016] Accordingly, the elastic member is or can be
compressed by two surfaces confronting in parallel with
each other, so that the accuracy in preload provided in
the bush increases. Moreover, such an advantage is
available by use of a part of the reinforcing portion.
[0017] According to the present invention, there is fur-
ther provided a suspension cross-member, including, a
bush-attaching hole which penetrates the suspension
cross-member to form a top aperture and a bottom ap-
erture on the top surface and the bottom surface of the
suspension cross-member, respectively, and a pair of
bush according to the present invention or an embodi-
ment thereof, which are press-fitted into the top aperture
and the bottom aperture, respectively.
[0018] According to the present invention, there is still
further provided a group of bushes according to the
present invention or an embodiment thereof, each of the
bushes can be press-fitted into top apertures and bot-
tom apertures of at least three bush-attaching holes
penetrating the suspension cross-member and fixed to
a vehicular body by at least three pairs of a stud and a
nut for mounting the suspension cross-member to the
body, the number of the bushes consisting the group be-
ing equal to twice the number of the bush-attaching
holes, wherein, the group of the bushes is composed of
a first bush, a second bush, and third bushes, the first
bush includes a through hole with an internal diameter
approximately equal to an external diameter of the stud,
the second bush is substantially identical to the first
bush excluding that the through hole of the second bush
is oblong in cross-section which is expand in one radial
direction from the through hole of the first bush, and the
third bushes are substantially identical to the first bush
excluding that the through hole of the third bushes are
circular which is expanded in all radial directions from
(or has a larger inner diameter than) the through hole of
the first bush.
[0019] Accordingly, in addition to the advantage that
an intended axial preload corresponding to the prede-
termined clearance in the bushes is provided in a relia-
ble manner with little or no variation in the amount of the
preload among the bushes in respective attaching holes
after the cross-member is fixed to the body, the another
advantage is attained in the following manner:

1. In the mounting operation of the suspension
cross-member after the bushes are press-fitted, the
first bush positions a point of the cross-member in
place at the first bush-attaching hole,
2. At the second bush-attaching hole, the through
hole of the second bush allows the misalignment in
the first direction along the line connecting the first
attaching hole with the second attaching hole and
positions the cross-member in place in the second
direction perpendicular to the first direction. That is,
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the bushes in the first bush-attaching hole and the
bushes in the second bush-attaching hole position
the cross-member in place with respect to the body.
3. Moreover, at the third bush-attaching holes, the
through holes of the third bushes allow the misalign-
ment in both the first and second directions. Accord-
ingly, the assignment of the group of the bushes as
above prevents the horizontal stress of fixed bush-
es.

[0020] According to the present invention, there is
provided a suspension cross-member, including, at
least three bush-attaching holes which penetrate the
suspension cross-member to form top apertures and
bottom apertures on the top surface and the bottom sur-
face of the suspension cross-member, respectively,
wherein, each bush of the group according to the
present invention or an embodiment thereof is assigned
and press-fitted in such a manner that: the first bush is
press-fitted into one of the top aperture and the bottom
aperture of the first bush-attaching hole of the at least
three bush-attaching holes, the second bush is press-
fitted into one of the top aperture and the bottom aper-
ture of the second bush-attaching hole of the at least
three bush-attaching holes so that the expanded direc-
tion of the through hole is oriented substantially towards
the location of the first bush-attaching hole, the third
bushes are press-fitted into the other aperture of the first
bush-attaching hole, the other aperture of the second
bush-attaching hole, and both the top apertures and the
bottom apertures of the other bush-attaching holes.
[0021] According to the present invention, there is fur-
ther provided a vehicle on which the suspension cross-
member according to the present invention or an em-
bodiment thereof is mounted, wherein, the suspension
cross-member is fixed to the vehicular body via the stud
and the nut and the bushes press-fitted into the bush-
attaching holes so that the other axial ends of the inner
members of the bushes in the respective top apertures
and the other axial ends the inner members of the re-
spective bushes in the bottom apertures abut on each
other.
[0022] According to the invention, there is still further
provided a method for mounting or assembling a bush
according to the invention or an embodiment thereof into
a top aperture and a bottom aperture of a bush-attaching
hole penetrating a suspension cross-member and fixa-
ble to a vehicular body by a stud and a nut for mounting
the suspension cross-member to the bottom of the ve-
hicular body, comprising the following steps:

press-fitting the bushes into the top aperture and
the bottom aperture of the bush-attaching hole until
the outer flanges contact with the suspension cross-
member before the bushes are fixed by the stud and
the nut, whereby the elastic members are substan-
tially free from elastic deformation and provide a
predetermined clearance between the other axial

ends of the inner members, and
elastically deforming the elastic members by tight-
ening the nut fitted onto the stud so that the inner
members are axially displaced with respect to the
outer members to abut on each other for fixing the
bushes to the body by the stud (42) and the nut.

[0023] According to the invention, there is still further
provided a method for mounting a group of bushes ac-
cording to the invention or an embodiment thereof to a
suspension cross-member having at least three bush-
attaching holes which penetrate the suspension cross-
member to form top apertures and bottom apertures on
the top surface and the bottom surface of the suspen-
sion cross-member, respectively, comprising the follow-
ing steps:

press-fitting the first bush into one of the top aper-
ture and the bottom aperture of the first bush-at-
taching hole of the at least three bush-attaching
holes,
press-fitting the second bush into one of the top ap-
erture and the bottom aperture of the second bush-
attaching hole of the at least three bush-attaching
holes so that the expanded direction of the through
hole is oriented substantially towards the location
of the first bush-attaching hole, and
press-fitting the third bushes into the other aperture
of the first bush-attaching hole, the other aperture
of the second bush-attaching hole, and both the top
apertures and the bottom apertures of the other
bush-attaching holes.

[0024] These and other objects, features and advan-
tages of the present invention will become more appar-
ent upon reading of the following detailed description of
preferred embodiments and accompanying drawings.

FIG. 1 is a top plan view of a front suspension cross-
member mounted to a body via bushes according
to the present invention.
FIG. 2 is a plan view of bushes according to the
present invention.
FIG. 3 is a cross-sectional view taken along A - A
in FIG. 2.
FIG. 4 is a cross-sectional view taken along B - B
in FIG. 2.
FIG. 5 is a cross-sectional view of bushes in press-
fitting operation, corresponding to a cross-sectional
view taken along B - B in FIG. 2.
FIG. 6 is a cross-sectional view of press-fitted bush-
es, corresponding to a cross-sectional view taken
along A - A in FIG. 2.
FIG. 7 is a cross-sectional view of bushed secured
to the body, corresponding to a cross-sectional view
taken along A - A in FIG. 2.

[0025] A preferred embodiment of the present inven-
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tion will now be described with reference to the draw-
ings.
[0026] FIG. 1 is a top plan view of a front suspension
cross-member (referred to as cross-member) 1 whish is
mounted to the body via three kinds of bushes or
sleeves 2a, 2b, and 2c (each of which is generally indi-
cated as 2) according to a preferred embodiment of the
present invention. As shown, the cross-member 1 is
substantially rectangular in shape comprising flames
with a closed cross-section. The cross-member 1 is
formed with four bush-attaching holes 11 to 14 into
which bushes 2 are press-fitted. Though FIG. 1 shows
bushes in the top surface of the cross-member 1, bush-
es 2 are also press-fitted into the bottom surface of the
cross-member 1. In the meantime, a vehicular body (not
shown) is provided with four studs projecting therefrom,
which are correspondingly arranged with respect to the
location of the bush 2. Thus, the cross-member 1, fitted
with the bushes 2, is fixed to the body via the bushes by
securing the bushes 2 onto the body with the studs and
nuts.
[0027] The bushes 2 to be press-fitted into the bush-
attaching holes 11 to 14 are of split-type, which compris-
es a pair of halves split in the middle with respect to the
axis before press-fitted. In other words, a pair of bushes
is each press-fitted into the top aperture and the bottom
aperture of the respective bush-attaching holes 11 to 14
of the cross-member 1.
[0028] The constitution of the bush 2 will now be de-
scribed with reference to FIG. 2 to FIG. 4.
[0029] As shown in FIGS. 2 (a) to (c) illustrating plan
views of the bush 2, three kinds of bushes 2a to 2c are
prepared which have through holes 224a, 224b, and
224c different from one another in shape, respectively.
The difference will be described in detail below. As an
example of the bushes 2, the constitution of the bush 2a
will now be described hereinbelow with reference to
FIG. 2 (a), because the constitution is common to the
three except for the through holes 224a to 224c.
[0030] As shown in FIG. 3 illustrating a cross-section-
al view taken along A - A in FIG. 2, and in FIG. 4 illus-
trating a cross-sectional view taken along B - B in FIG.
2, the bush 2a comprises a metallic outer member 21a,
a metallic inner member 22a, and an elastic or resilient
member 23a. The outer member 21a includes a cylin-
drical portion. The inner member 22a includes a cylin-
drical portion with an external diameter smaller than an
internal diameter of the outer member 21a and with the
through hole 224a through which the stud for mounting
the cross-member is inserted. The elastic member is
disposed between and adhered to both the outer mem-
ber 21 a and inner member 22a.
[0031] As shown in FIG. 3 and FIG. 4, the outer mem-
ber 21a includes an outer main body 211a in a cylindrical
shape with an internal diameter larger than the external
diameter of the inner member 22a, and an outer flange
212a extending in the radially outward direction from an
axial end of the main body 211a. The axial length of the

outer member 21a is smaller than a half of the thickness
of a portion where the bush-attaching holes 11 to 14 for
the bush 2a are formed in the cross-member 1. The out-
er flange 212a is partially formed with reinforcing por-
tions 213a substantially along the circumferential direc-
tion of the flange. Particularly, as shown in FIG. 2 in
which the edge lines of the reinforcing portions 213a are
indicated by broken lines, a plurality of, preferably four
reinforcing portions 213a are provided substantially
equally spaced apart along the circumferential direction
of the outer flange 212a. Moreover, as shown in FIG. 3,
the reinforcing portions 213a comprises an inner tilt
214a and outer tilt 215a which constitute bent portions
of the flange 212a, which protrudes away from the outer
main body 211a. Further, as shown in FIG. 4, a substan-
tially flat surface between the four reinforcing portions
213a formed substantially equally spaced apart along
the circumferential direction is approximately perpen-
dicular to the outer main body 211a to provide a jig-abut-
ting portion 216a.
[0032] As shown in FIG. 3 and FIG. 4, the inner mem-
ber 22a includes a through hole 224a through which the
stud for mounting the cross-member 1 is inserted, an
inner main body 221a in a cylindrical shape, and an in-
ner flange 222a having an external diameter larger than
the internal diameter of the outer main body 211a and
extending in the radially outward direction from an axial
end or end portion of the inner main body 221a. The
inner member 22a is substantially coaxially inserted into
the outer member 21a so that the inner flange 222a and
the outer flange 212a are on the same side with respect
to the axial direction. On a surface on the side of inner
main body 221a of the inner flange 222a, a slanted sur-
face 223a is provided along the circumferential direc-
tion, which continues to the inner main body 221a and
is at the predetermined angle different from 0° or 180°,
preferably an obtuse angle with respect to the inner
main body 221a. The slanted surface 223a is approxi-
mately parallel with the inner tilt 214a of the outer flange
212a. The axial length of the inner member 22a is longer
than a half of the thickness of the portion where the
bush-attaching holes 11-14 for this bush 2a in the cross-
member 1.
[0033] Between the inner member 22a and the outer
member 21a, the elastic member 23a, made from a re-
silient material, e.g. rubber, is at least partly disposed.
As shown in FIG. 3 and FIG. 4, the elastic member in-
cludes an elastic main body 231a and an extending por-
tion 232a which extends from an axial end or end portion
of the elastic member 23a. The elastic member 23a is
adhered to the inner member 22a and the outer member
21a preferably by bond applied over the contact surface
thereof. The radially inner surface of the extending por-
tion 232a substantially contacts with the outer surface
of the inner main body 221a and the slanted surface
223a, and the radially outer surface of the extending por-
tion 232a substantially contacts with the inner surface
of the outer main body 211a and the reinforcing portion
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213a of the outer flange 212a. Additionally, as shown in
FIG. 2, the extending portion 232a is provided with cov-
ering portions which cover the reinforcing portion 213a.
The covering portions of the elastic member 23a are ad-
hered to the reinforcing portions 213a, which increases
the peel resistance of the elastic member 23a from the
outer member 21a. The jig-abutting portion 216a of the
outer flange 212a, or the portions free of the reinforcing
portion 213a in the outer flange 212a, are not covered
with the elastic member.
[0034] This embodiment uses three kinds of bushes
with the common structure as above and with the
through holes of the inner member different in shape for
mounting the cross-member 1 to the body. The shapes
of through holes 224a, 224b, and 224c, and the assign-
ment of the bushes 2a, 2b, and 2c to the cross-member
1 will now be described with reference to FIG. 2 and FIG.
1.
[0035] As shown in FIG. 2 (a), the through hole 224a
is formed in the inner member 22a of the first bush 2a.
The cross-section of the through hole 224a is substan-
tially circular and substantially equal to the stud for
mounting the cross member 1 on the body in diameter.
As shown in FIG. 2 (b), the through hole 224b is formed
in the inner member 22b of the second bush 2b. The
cross section of the through hole 224b is oblong or elon-
gated, which is expanded or elongated in a direction per-
pendicular to the axial direction of the through hole from
the through hole 224a of the first bush 2a. As shown in
FIG. 2 (c), the through hole 224c is formed in the inner
member 22c of the third bush 2c. The cross-section of
the through hole 224c is substantially circular, which is
expanded in all radial directions from the internal diam-
eter of the through hole 224a of the first bush 2a. In other
words, the internal diameter of the through hole 224c is
larger than that of the through hole 224a. The outer
member 21a, 21b, and 21c, and the elastic member 23a,
23b, and 23c are identical among the three bushes.
[0036] The three kinds of the bushes 2a, 2b, and 2c
are assigned to the bush-attaching holes 11 to 14 shown
in FIG. 1 in the predetermined manner as follows:

1. In a reference bush-attaching hole 11 which can
be arbitrarily selected from the four holes 11-14, the
first bush 2a is press-fitted into one of the top aper-
ture and the bottom aperture, and the third bush 2c
is press-fitted into the other.
2. In the bush-attaching hole 12 which is laterally
proximate to the reference attaching hole 11 with
respect to a vehicular longitudinal direction VLD,
the third bush 2c is press-fitted into one of the top
aperture and the bottom aperture, and the second
bush 2b is press-fitted into the other so that the ex-
panded direction of the through holes of the bush
2b is oriented towards the location of the first bush
2a, or oriented in the vehicular lateral direction (or
in a direction substantially normal to the vehicular
longitudinal direction VLD).

3. In the other bush-attaching holes 13 and 14, the
third bushes 2c are press-fitted into both the top ap-
ertures and the bottom apertures.

That is, for mounting the cross-member 1, a group of
eight bushes 2a-2c is used, which consists of one first
bush 2a, one second bush 2b, and six third bushes 2c.
[0037] With the assignment of the first bush 2a, the
second bush 2b, and the third bush 2c described as
above, the cross-member 1 is positioned in the following
manner: At the reference bush-attaching hole 11, the
first bush 2a positions a point of the cross-member 1 in
place. At the bush-attaching hole 12 laterally proximate
to the reference hole, the through hole 224b of the sec-
ond bush 2b allows the lateral misalignment between
the body stud and the second bush 2b because the ex-
panded direction of the through hole 224b is oriented in
the vehicular lateral direction, and positions the cross-
member 1 in place in the vehicular longitudinal direction
(or in a direction substantially normal to the vehicular
longitudinal direction VLD). Thus, cross-member 1 is
positioned in place with respect to the body. At the other
bush-attaching holes 13, 14, the through holes 224c of
third bushes 2c allow both the lateral and longitudinal
misalignments between the body stud and the third
bushes 2c because the internal diameter of the third
bush 2c is expanded in all radial directions. Accordingly,
the bushes 2a-2c press-fitted into the holes 11 to 14 of
cross-member 1 are properly positioned with respect to
the studs on the body frame, and the misalignments be-
tween the bushes and the studs are allowed at all the
bush-attaching holes 11-14.
[0038] As a result, the cross-member 1 is positioned
in place with respect to the body and the interference of
the studs with the bushes 2 is avoided, so that the bush-
es 2 are prevented from being horizontally biased after
the cross-member 1 is mounted to the body. In addition,
only three kinds of bushes 2a-2c are required for posi-
tioning the cross-member 1 in place.
[0039] The press-fitting operation of the bushes 2 into
the cross-member 1 and the mounting operation of the
cross-member 1 onto the body will now be described
with reference to the FIG. 5 to FIG. 7 showing the bush-
attaching hole 11, by way of example.
[0040] The bushes 2a, 2b, and 2c are assigned in the
manner as above and press-fitted into the bush-attach-
ing holes 11 to 14 of the cross-member 1, respectively.
With regard to the attaching hole 11 for example, as
shown in FIG. 6 showing a cross-sectional view taken
along A - A in FIG. 2, the bush 2a is press-fitted into the
top aperture and the bush 2c is press-fitted into the bot-
tom aperture. Then, the cross-member 1 fitted with the
bushes 2a to 2c is positioned so that the studs 42 on the
body 3 are inserted into the through holes 224a to 224c
of the bush 2a to 2c. Thereafter, the nuts 41 are fitted
onto the studs 42 for fixing the bushes 2a, 2c, as a result,
the cross-member 1 is fixed to the body 3 via the bushes
2a, 2c. With regard to the attaching hole 11 for example,
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the condition after the cross-member 1 is fixed to the
body is illustrated in FIG. 7 showing a cross-sectional
view taken along A- A in FIG. 2. Before fixed to the body
3, the cross-member 1 is previously fitted with suspen-
sion arms supporting wheel hubs, coil dampers, stabi-
lizers, or other parts (not shown).
[0041] As shown in FIG. 5, in the press-fitting opera-
tion of the bush 2a into the bush-attaching hole 11, the
jig 5 abuts onto the jig-abutting portion 216a in the outer
flange 212a, and displaces the bush 2a until the outer
flange 212a substantially comes into contact with the top
surface of the cross-member 1. Likewise, as for the bush
2c, the jig 5 abuts onto the jig-abutting portion 216c in
the outer flange 212c, and displaces the bush 2c until
the outer flange 212c comes into contact with the bottom
surface of the cross-member 1.
[0042] Accordingly, with regard to the bush 2a in the
top aperture for example, the jig 5 presses the portion
close to the central axis of the bush 2a between the re-
inforcing portions 213a of the outer flange 212a. Thus,
the deformation of the outer member 21a, particularly,
the deformation at the connecting portion of the outer
main body 211a and the outer flange 212a due to the
friction and/or pressing during the press-fitting operation
is prevented in conjunction with the effect of the rein-
forcing portion 213a. Likewise, with regard to the bush
2c in the bottom aperture, the deformation at the con-
necting portion of the outer main body 211c and the out-
er flange 212c is prevented. Then, after the cross-mem-
ber 1 is fitted with the bushes 2a and 2c before mounted
to the body, there exists a clearance L between both the
inner members, as shown in FIG. 6.
[0043] With regard to the other bush-attaching holes
12 to 14, as with the bush-attaching hole 11, the bushes
2b and 2c are assigned as above and press-fitted, then
there exist the predetermined clearances between the
inner members 22b, 22c after the bushes 2b, 2c are
press-fitted.
[0044] The cross-member 1 fitted with the bushes 2a
to 2c and the parts as above are fixed to the body 3 via
the bushes 2a to 2c. In the bush-attaching hole 11 for
example, as shown in FIG. 7, the stud 42 is inserted
through the respective through holes 224a and 224c of
the press-fitted bushes 2a and 2c, and then the nuts 41
is fitted onto the stud 42 for fixing the bushes 2 so that
the cross-member 1 is fixed to the body 3 via the bushes
2a and 2c. The nut 41 is screwed so as to cause the
inner member 22a of the upper bush 2a and the inner
member 22c of the lower bush 2c to be displaced with
respect to the outer member 21a and 21c, until the inner
members abut on each other. After the nut 41 is screwed
as above, the elastic member 23a of the upper bush 2a
and the elastic member 23c and the lower bush 2c are
compressed vertically between the inner member 22a
and the outer member 21a, and between the inner mem-
ber 22c and the outer member 21c by the predetermined
amount corresponding to the clearance L, respectively.
Thus, there is provided axial or vertical preload corre-

sponding to the compression in the bushes 2a, 2c.
[0045] Accordingly, whenever the distance between
the top surface and the bottom surface of the portion of
the cross-member 1 with which the outer flange 212a
and 212c contact is accurate, the predetermined vertical
preload corresponding to the compression by the clear-
ance L is easily and reliably applied to the bush 2a and
2c, by screwing the nut 41 until the inner member 22a
of the bush 2a and the inner member 22c of the bush
2c abut on each other.
[0046] With regard to the other bush-attaching holes
12 to 14, as with the bush-attaching hole 11, the studs
are inserted through the through hole 224b of the bush
2b and the through hole 224c of and the bush 2c, and
the nut is screwed until the inner members abut on each
other.
[0047] Accordingly, the setting the clearance L to the
amount for the proper preload enables the bushes 2b,
2c press-fitted into the respective bush-attaching holes
12-14 to be provided with the proper amount of preload
with little or no variation among the bushes 2b, 2c. Ad-
ditionally, the slanted surface 223c of the inner flange
222c and the inner tilt 214c of the reinforcing portion
213c are substantially parallel with each other, so that
the preload is more evenly applied to the elastic member
23c between the slanted surface 223c and the inner tilt
214c. Moreover, the two surfaces are faced with each
other, which causes little variation in deformation or little
variation in the amount of preload among the elastic
members 23 in respective attaching holes 12-14, there-
by contributing to the accuracy.
[0048] In the embodiment described above, though
the bush according to the present invention is used for
the front cross-member, it is obvious that the bush may
be used for a rear cross-member and the identical ad-
vantage is available then.

Claims

1. A bush (2, 2a, 2b, 2c) which can be press-fitted into
a top aperture and a bottom aperture of a bush-at-
taching hole (11, 12, 13, 14) penetrating a suspen-
sion cross-member (1) and fixable to a vehicular
body (3) by a stud (42) and a nut (41) for mounting
the suspension cross-member (1) to the bottom of
the vehicular body (3), comprising,

an outer member (21a, 21b, 21c) including:

a) an outer main body (211a, 211b, 211c) in
substantially cylindrical shape with an axial
length shorter than a half of the axial length of
the attaching hole (11, 12, 13, 14) of the sus-
pension cross-member (1) and
b) an outer flange (212a, 212b, 212c) extending
in the radially outward direction from an axial
end of the outer main body (211a, 211b, 211c),
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an inner member (22a, 22b, 22c) including:

a) an inner main body (221a, 221b, 221c) in
substantially cylindrical shape with an axial
length longer than a half of the axial length of
the attaching hole (11, 12, 13, 14) of the sus-
pension cross-member (1) and with an external
diameter smaller than the internal diameter of
the outer main body (211a, 211b, 211c),
b) an inner flange (222a, 222b, 222c) extending
in the radially outward direction from an axial
end of the inner main body (221a, 221b, 221c)
with an external diameter larger than the inter-
nal diameter of the outer main body (211a,
211b, 211c), and
c) a through hole (224a, 224b, 224c) through
which the stud (42) can be inserted, and the in-
ner member (22a, 22b, 22c) being coaxially in-
serted into the outer member (21a, 21b, 21c)
so that the inner flange (222a, 222b, 222c) and
the outer flange (212a, 212b, 212c) are on the
same side with respect to the axial direction,
and

an elastic member (23a, 23b, 23c) at least
partly disposed between the inner member (22a,
22b, 22c) and the outer member (21a, 21b, 21c) and
adhered to the inner main body (221a, 221b, 221c),
inner flange (222a, 222b, 222c), the outer main
body (211a, 211b, 211 c), and the outer flange
(212a, 212b, 212c),

wherein the outer member (21a, 21b, 21c),
the inner member (22a, 22b, 22c) and/or the elastic
member (23a, 23b, 23c) are formed such that

when the bushes (2, 2a, 2b, 2c) are press-fit-
ted into the top aperture and the bottom aperture of
the bush-attaching hole (11, 12, 13, 14) until the out-
er flanges (212a, 212b, 212c) contact with the sus-
pension cross-member (1) before the bushes (2,
2a, 2b, 2c) are fixed by the stud (42) and the nut
(41), the elastic members (23a, 23b, 23c) are sub-
stantially free from elastic deformation and provide
a predetermined clearance (L) between the other
axial ends of the inner members (22a, 22b, 22c),
and

when the bushes (2, 2a, 2b, 2c) are fixed to
the body (3) by the stud (42) and the nut (41), the
elastic members (23a, 23b, 23c) are elastically de-
formed by tightening the nut (41) fitted onto the stud
(42) so that the inner members (22a, 22b, 22c) are
axially displaced with respect to the outer members
(21a, 21b, 21c) to abut on each other.

2. A bush (2, 2a, 2b, 2c) as defined in claim 1, wherein
said outer member (21a, 21b, 21c) further includes,

a jig-abutting portion (216a, 216b, 216c) pro-
vided in the outer flange (212a, 212b, 212c), on
which a jig (5) can abut for press-fitting the bush (2,

2a, 2b, 2c) into an attaching hole (11, 12, 13, 14) in
the suspension cross-member (1), and

a reinforcing portion (213a, 213b, 213c)
formed as a bending portion of the outer flange
(212a, 212b, 212c), for preventing deformation of
said outer member (21a, 21b, 21c) when the bush
(2, 2a, 2b, 2c) is press-fitted with the jig (5).

3. A bush (2, 2a, 2b, 2c) as defined in claim 2, wherein,
the jig-abutting portion (216a, 216b, 216c) is

a substantially planar surface which continues to
and is at substantially right angle with the outer main
body (211a, 211b, 211c) in a cross section including
the central axis of the bush (2, 2a, 2b, 2c).

4. A bush (2, 2a, 2b, 2c) defined in claim 2 or claim 3,
wherein,

the reinforcing portion (213a, 213b, 213c) in-
cludes a slanted surface (214a, 214b, 214c) which
is at an angle larger than the right angle with the
outer main body (211a, 211b, 211c), and

the inner flange (222a, 222b, 222c) includes
a tilt (223a, 223b, 223c) which confronts the slanted
surface (214a, 214b, 214c) substantially in parallel.

5. A suspension cross-member (1), including:

a bush-attaching hole (11, 12, 13, 14) which
penetrates the suspension cross-member (1)
to form a top aperture and a bottom aperture
on the top surface and the bottom surface of
the suspension cross-member (1), respective-
ly, and
a pair of bushes (2, 2a, 2b, 2c) as defined in
one of the preceding claims, which are press-
fitted into the top aperture and the bottom ap-
erture, respectively.

6. A group of bushes (2a, 2b, 2c) as defined in one of
the preceding claims 1 to 4, each of the bushes (2a,
2b, 2c) can be press-fitted into top apertures and
bottom apertures of at least three bush-attaching
holes (11, 12, 13, 14) penetrating the suspension
cross-member (1) and fixed to a vehicular body (3)
by at least three pairs of a stud (42) and a nut (41)
for mounting the suspension cross-member (1) to
the body (3), the number of the bushes (2a, 2b, 2c)
consisting the group being equal to twice the
number of the bush-attaching holes (11, 12, 13, 14),
wherein,

the group of the bushes (2a, 2b, 2c) is com-
posed of a first bush (2a), a second bush (2b), and
third bushes (2c),

the first bush (2a) includes a through hole
(224a) with an internal diameter approximately
equal to an external diameter of the stud (42),

the second bush (2b) is substantially identical
to the first bush (2a) excluding that the through hole

13 14



EP 1 298 348 A1

9

5

10

15

20

25

30

35

40

45

50

55

(224b) of the second bush (2b) is oblong in cross-
section which is expand in one radial direction from
the through hole (224a) of the first bush (2a), and

the third bushes (2c) are substantially identi-
cal to the first bush (2a) excluding that the through
hole (224c) of the third bushes (2c) are circular
which is expanded in all radial directions from the
through hole (224a) of the first bush (2a).

7. A suspension cross-member (1), including,
at least three bush-attaching holes (11, 12,

13, 14) which penetrate the suspension cross-
member (1) to form top apertures and bottom aper-
tures on the top surface and the bottom surface of
the suspension cross-member (1), respectively,
wherein, each bush (2a, 2b, 2c) of the group as de-
fined in claim 6 is assigned and press-fitted in such
a manner that:

the first bush (2a) is press-fitted into one of the
top aperture and the bottom aperture of the first
bush-attaching hole (11) of the at least three
bush-attaching holes (11, 12, 13, 14),
the second bush (2b) is press-fitted into one of
the top aperture and the bottom aperture of the
second bush-attaching hole (12) of the at least
three bush-attaching holes (11, 12, 13, 14) so
that the expanded direction of the through hole
(224b) is oriented substantially towards the lo-
cation of the first bush-attaching hole (11),
the third bushes (2c) are press-fitted into the
other aperture of the first bush-attaching hole
(11), the other aperture of the second bush-at-
taching hole (12), and both the top apertures
and the bottom apertures of the other bush-at-
taching holes (13, 14).

8. A vehicle on which the suspension cross-member
(1) as defined in claim 5 or claim 7 is mounted,
wherein,

the suspension cross-member (1) is fixed to
the vehicular body (3) via the stud (42) and the nut
(41) and the bushes (2, 2a, 2b, 2c) press-fitted into
the bush-attaching holes (11, 12, 13, 14) so that the
other axial ends of the inner members (22a, 22b,
22c) of the bushes (2, 2a, 2b, 2c) in the respective
top apertures and the other axial ends the inner
members (22a, 22b, 22c) of the respective bushes
(2, 2a, 2b, 2c) in the bottom apertures abut on each
other.

9. A method for mounting a bush (2, 2a, 2b, 2c) ac-
cording to one of the preceding claims 1 to 4 into a
top aperture and a bottom aperture of a bush-at-
taching hole (11, 12, 13, 14) penetrating a suspen-
sion cross-member (1) and fixable to a vehicular
body (3) by a stud (42) and a nut (41) for mounting
the suspension cross-member (1) to the bottom of

the vehicular body (3), comprising the following
steps:

press-fitting the bushes (2, 2a, 2b, 2c) into the
top aperture and the bottom aperture of the
bush-attaching hole (11, 12, 13, 14) until the
outer flanges (212a, 212b, 212c) contact with
the suspension cross-member (1) before the
bushes (2, 2a, 2b, 2c) are fixed by the stud (42)
and the nut (41), whereby the elastic members
(23a, 23b, 23c) are substantially free from elas-
tic deformation and provide a predetermined
clearance (L) between the other axial ends of
the inner members (22a, 22b, 22c), and
elastically deforming the elastic members (23a,
23b, 23c) by tightening the nut (41) fitted onto
the stud (42) so that the inner members (22a,
22b, 22c) are axially displaced with respect to
the outer members (21a, 21b, 21c) to abut on
each other for fixing the bushes (2, 2a, 2b, 2c)
to the body (3) by the stud (42) and the nut (41).

10. A method for mounting a group of bushes (2a, 2b,
2c) according to claim 6 to a suspension cross-
member (1) having at least three bush-attaching
holes (11, 12, 13, 14) which penetrate the suspen-
sion cross-member (1) to form top apertures and
bottom apertures on the top surface and the bottom
surface of the suspension cross-member (1), re-
spectively, comprising the following steps:

press-fitting the first bush (2a) into one of the
top aperture and the bottom aperture of the first
bush-attaching hole (11) of the at least three
bush-attaching holes (11, 12, 13, 14),
press-fitting the second bush (2b) into one of
the top aperture and the bottom aperture of the
second bush-attaching hole (12) of the at least
three bush-attaching holes (11, 12, 13, 14) so
that the expanded direction of the through hole
(224b) is oriented substantially towards the lo-
cation of the first bush-attaching hole (11), and
press-fitting the third bushes (2c) into the other
aperture of the first bush-attaching hole (11),
the other aperture of the second bush-attaching
hole (12), and both the top apertures and the
bottom apertures of the other bush-attaching
holes (13, 14).
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